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Abstract An understanding of the influences of anthro-
pogenic disturbance and variation in habitat quality on
organism condition and breeding success may improve
future management and conservation decisions. Some
authors consider haemoglobin concentration to be a simple
biochemical indicator of bird condition. The main goal of
this paper is to examine if the level of haemoglobin dis-
plays any consistent pattern of variation across habitats
differing in quality. We present results concerning long-
term variation in haemoglobin concentration in the blood
of about 14-day-old nestling Blue Tits (Cyanistes caer-
uleus) in central Poland in an 11-year period (2003–2013),
in two landscapes (an urban parkland and a deciduous
forest). The most important findings of the study are: (1)
the concentration of haemoglobin of the nestlings from the
same brood tended to be consistently similar, with most
variation occurring between broods, (2) mean levels of
haemoglobin varied between years, and were correlated
with caterpillar abundance peaks in the forest study site, (3)
mean haemoglobin concentration was significantly higher
in the forest area than in the parkland area, (4) hae-
moglobin levels were positively correlated with breeding
and fledging success. We confirmed that haemoglobin
concentration displays a spatio-temporal pattern and that
the level of haemoglobin is a reliable condition and habitat
quality indicator in nestling Blue Tits in the study popu-
lations. Although, strictly speaking, the analysed differ-
ences are between two particular sites, we think that they
reflect differences between urban and non-urban habitats.
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Zusammenfassung
Langzeitdaten zu lokalen Unterschieden in der Ha¨mo-
globinkonzentration von Nestlingen der Blaumeise
(Cyanistes caeruleus)
Der Naturschutz profitiert vom Wissen um die Auswirkun-
gen anthropogener Sto¨rungen und um die Unterschiede in
der Qualita¨t von Habitaten auf den Gesundheitszustand und
den Fortpflanzungserfolg von Organismen. Die Messung der
Ha¨moglobinkonzentration ist eine u¨bliche biochemische
Methode fu¨r die Bestimmung des Gesundheitszustands von
Vo¨geln. Unser Hauptziel war es zu untersuchen, ob die
Konzentration von Ha¨moglobin vorhersehbar mit der Qua-
lita¨t von Habitaten korreliert. Wir pra¨sentieren
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Langzeitdaten (Zeitraum 2003 - 2013) zur Variation der
Ha¨moglobinkonzentration in circa zwei Wochen alten
Blaumeisennestlingen (Cyanistes caeruleus), die in Zen-
tralpolen entweder in urbanen oder la¨ndlichen Gegenden
aufwuchsen. Zusammenfassend fanden wir heraus, dass
(a) die Ha¨moglobinkonzentration mehr Variation zwischen
Bruten als innerhalb einer Brut zeigte, (b) die durchschnitt-
liche Ha¨moglobinkonzentration innerhalb des Studienzeit-
raums variierte und mit einem erho¨hten Vorkommen an
Raupen korrelierte, (c) die durchschnittliche Ha¨moglobin-
konzentration im Wald signifikant ho¨her als in Parks war,
und (d) die Ha¨moglobinkonzentration positiv mit dem Brut-
und Schlupferfolg korrelierte. Wir besta¨tigten damit, dass in
unserer Population die Ha¨moglobinkonzentration in Blau-
meisennestlingen sowohl eine zeitliche als auch eine ra¨um-
liche Komponente aufweist und ein zuverla¨ssiges Mittel ist,
um Aussagen u¨ber den Gesundheitszustand der Vo¨gel und
die Qualita¨t des Habitats zu treffen. Wir weisen darauf hin,
dass die herausgefundenen Unterschiede zwei bestimmte
Gebiete innerhalb unseres Studiengebiets betrafen, die fu¨r
uns jedoch stellvertretend die Unterschiede zwischen urba-
nen und la¨ndlichen Gebieten reflektieren.
Introduction
The rapid growth of urban areas resulting in sudden changes
in landscape spatial patterns has become one of the most
important environmental issues in recent decades (Cham-
berlain et al. 2009). Therefore, an understanding of the
influences of variation in habitat quality on organism con-
dition and breeding success in association with physiological
knowledge may provide instruments to support evidence-
based management decisions (Cooke and O’Connor 2010;
Bonier 2012; Ellis et al. 2012; Cook et al. 2013).
Conservation physiology is an emerging field that
applies physiological tools and concepts to conservation in
broad ways (Cook et al. 2013; Milenkaya et al. 2013).
Fragmentation and degradation of natural habitats intensi-
fies on a global scale, and it is important to assess the
effects of changes in habitat on organisms (Gil and Brumm
2014). Urbanization leads to irreversible changes in natural
landscapes. This process involves clearing much of the
original vegetation to make way for urban infrastructure,
habitat fragmentation, expansion of nonnative plant spe-
cies, increasing amounts of easily accessible, but low
quality urban food leftovers, light, noise, and chemical
pollution (Shanahan et al. 2014). All those factors affect
the condition of animals and may have significant impact
on their breeding traits (Chamberlain et al. 2009). It was
shown that a patchy environment makes foraging much
more difficult for birds (Riddington and Gosler 1995;
Hinsley et al. 2006). The paucity of natural food, access to
urban food leftovers, and over-winter provisioning can lead
to a reduction in fecundity and lower breeding success of
birds in urban habitats (Harrison et al. 2010). Gorrisen et al.
(2005) showed that male Great Tits (Parus major) that bred
closest to a pollution source had a more limited song
repertoire and were less frequent singers. An additional
challenge for urban birds may be that any new vegetation
planted by people is usually unlikely to resemble pre-set-
tlement habitat (Cook et al. 2013; Thomson et al. 2003).
Because the measuring of habitat quality in a direct way is
often not feasible, the evaluation of individual condition
offers an alternative method to assess habitat quality
(Homyack 2010; Ellis et al. 2012). Body condition indices
have been used to evaluate impacts of stressors and dis-
turbances, assessing habitat fragmentation or to provide
insights into the nutritional status of animals in different
habitat types (Maron et al. 2012; Ban´bura et al. 2013;
Milenkaya et al. 2013; Kalin´ski et al. 2014; Minias 2015).
Currently, relatively few landscape ecologists employ
physiological approaches to evaluate habitat quality. The
development of landscape physiology may help with
identifying early warning signs of populations in trouble
and may play an important role in monitoring and assessing
the progress of habitat restoration effects (Ellis et al. 2012).
The concentration of haemoglobin was shown to be a
relatively simple biochemical indicator of bird metabolism
and condition (Sergent et al. 2004; Simmons and Lill 2006;
Minias 2015; Johnstone et al. 2015). It reflects the presence
of pathogens and parasites, as well as the nutritional status
of organism (a drop in haemoglobin concentration suggests
nutritional deficiency; Campbell 1995; Simon et al. 2004;
Kasprzyk et al. 2006; Słomczyn´ski et al. 2006). All those
features support the use of the haemoglobin level as a
relatively reliable indicator of physiological condition in
field and experimental studies on birds (Stevens 1996;
Kilgas et al. 2006a; Kalin´ski et al. 2009, 2012; Pyrke and
Rollins 2012; Lill et al. 2013; Minias 2014; Minias et al.
2014; Gla˛dalski et al. 2015a). But it is important to
emphasize that some recent studies recommend caution
when using blood characteristics to evaluate physiological
condition in some species (Fair et al. 2007; Lill et al. 2013;
Minias 2015; Johnstone et al. 2015). Also the use of hae-
moglobin concentration as a body condition index in a
particular population should not be automatically extended
to other populations (Fair et al. 2007; Smith and Barber
2012; Lill et al. 2013; Minias 2015; Gla˛dalski et al. 2015a).
Knowledge of phenotypic and ecological factors that
directly influence the level of haemoglobin in free living
birds is relatively poor (Minias et al. 2014; Minias 2015).
Also, comparisons of hemoglobin concentrations between
urban and non-urban populations of birds are scarce. A few
existing studies refer usually to only 1–3 years of research.
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Therefore, further long-term comparative studies between
urban and non-urban populations of birds are needed
(Chamberlain et al. 2009; Minias 2015).
The main aim of this study is to provide an analysis of
long-term (11 seasons), year-to-year variation in hae-
moglobin concentration of nestling Blue Tits (Cyanistes
caeruleus) in two structurally and floristically contrasting
habitats (an urban parkland and a rich, deciduous forest).
Our present study is aimed at (a) testing whether hae-
moglobin levels are consistent physiological characteristics
of Blue Tit nestlings, with low variation within broods and
high variation between broods, (b) presenting year-to-year
variation in haemoglobin concentration during an 11-year
period, (c) examining if the level of haemoglobin displays
any consistent pattern of variation across habitats differing
in quality, (d) testing if haemoglobin level tended to be
related to peaks in caterpillar abundance in both study
areas, and (e) testing whether breeding and fledging suc-
cess are linked to haemoglobin concentration. The main
hypotheses were formulated as follows: (1) assuming that
hemoglobin concentration responds more to the factors
acting on entire broods than individual nestlings within a
brood, variation in haemoglobin concentrations within
individual broods should be smaller than between different
broods, (2) because trophic conditions and weather char-
acteristics tend to be variable in time and space, which
should influence the physiological condition of growing
nestlings, mean level of haemoglobin should differ
between sites and years, (3) since caterpillars are consid-
ered as the optimal food of breeding tits, haemoglobin level
should be related to peaks in caterpillar abundance, (4)
assuming that the level of haemoglobin is a reliable con-
dition indicator, breeding success should be correlated with
the level of haemoglobin.
Methods
Study area, field, and laboratory procedures
The present study, carried out during 11 breeding seasons
(2003–2013) in two structurally and floristically contrast-
ing habitats (an urban parkland and a rich deciduous forest,
located only 10 km apart), is a part of a long-term project
of research into the breeding biology of secondary cavity
nesters around Ło´dz´, central Poland. The parkland site
(51450N; 19240E), about 80 ha (including the zoological
garden of 16 ha and the botanical garden of 64 ha), has a
highly fragmented tree cover (formed artificially) and is
one of the major recreation and entertainment areas in
Ło´dz´, which is associated with strong human disturbance
over the entire breeding season (Ban´bura et al. 2013;
Gla˛dalski et al. 2015b). We assess that in 2008–2013 the
average number of visitors to our parkland study site in
May, as the main period of the nestling stage of Blue Tits,
is about 75,000. The forest study area (51500N, 19290E),
bordering on the NE part of the city, is about 120 ha area in
the interior of mature mixed deciduous forest (1250 ha in
total) with oaks (Quercus robur and Q. petraea) as pre-
dominating tree species. The study sites were supplied with
ca. 500 standard wooden nestboxes (200 in the parkland
and 300 in the forest) (Lambrechts et al. 2010). In every
breeding season, the nestboxes are occupied first of all by
Blue Tits and Great Tits, but also by Pied Flycatchers
(Ficedula hypoleuca) and Nuthatches (Sitta europaea) and,
incidentally, by Marsh Tits (Poecile palustris) and Coal
Tits (Periparus ater).
The abundance of caterpillars was monitored over the Tit
breeding seasons 2003–2013, using the frassfall collecting
method. The amount of frassfall is directly associated with
the ecological production of caterpillars and, therefore, is a
reliable indicator of caterpillar numbers (Zandt 1994). The
caterpillar frassfall was collected into tissue collectors,
1 m2 on a metal framework, hanged below tree canopies,
five in the parkland and nine in the woodland. The collec-
tors were checked and emptied every 5 days. In the labo-
ratory, the samples from frassfall collectors were inspected
under the microscope to separate caterpillar frass from other
particles, then the frass particles were dried (24 h in 60 C)
and weighed to the nearest 0.1 mg. For each study site, the
resulting masses and counts were calculated and presented
as peak values per trap per day in a given year (Marciniak
et al. 2007). The minimum peak amount of frassfall in the
parkland was 0.05 g/m2/day (2007), while the maximum
peak recorded was 0.41 g/m2/day (2003), with mean
(± SD) 0.20 ± 0.11 g frass/m2/day (2003–2013). The
minimum peak amount of frassfall in the forest site was
0.07 g/m2/day (2007) and the maximum peak was 2.13 g/
m2/day (2003), with mean (± SD) 0.59 ± 0.55 g frass/
m2/day (2003–2013).
During the breeding season, the nestboxes were
inspected at least once a week (or every day if needed) to
record laying date, clutch size, and the number of nestlings
at different stages. The Blue Tit nestlings were banded with
individually numbered metal rings and measured (wing
length, to the nearest 1 mm and body mass, to the nearest
0.1 g) after 13–14 (occasionally 12–16) days from the
hatching of the first egg (Blue Tit nestlings fledge on about
19–20 day). A random subsample of five nestlings
(2003–2006) or three nestlings (2007–2013) blind-drawn
out of same-age nestlings from every Blue Tit brood were
designated for blood sampling. Samples of 5 lL of blood
were taken from the ulnar vein of nestlings to HemoCue
cuvettes and analysed in the field using a portable He-
moCue Hb 201? photometer to measure haemoglobin
concentration (g/L) (HemoCue AB, Angelholm, Sweden).
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In the case of avian blood, this photometer shows hae-
moglobin values slightly higher than cyanomethaemoglo-
bin spectrophotometry, as described by Eklom and Lill
(2006) and Simmons and Lill (2006). All field procedures
were carried out between 9.00 and 14.00. During 11 years
of the study, 1711 Blue Tit nestlings from 461 broods
(2003–27, 2004–52, 2005–42, 2006–37, 2007–63,
2008–51, 2009–50, 2010–43, 2011–21, 2012–35, 2013–40)
were examined.
Statistical analyses
Repeatability of haemoglobin concentration within broods
was calculated as intraclass correlation to test to what
extent nestlings in broods tend to resemble one another
(Zar 1996). A high repeatability indicates that variation
within individual broods is much smaller than between
broods. Repeatability is low if measurements within broods
are very different. Because values of haemoglobin con-
centration in the blood of nestlings from the same brood
were not independent, the individual nestling values were
treated as unit records and analysed using mixed linear
models, with brood ID being included as a random factor to
control for clustering; degrees of freedom were approxi-
mated by the Satterthwaite method (Heck et al. 2010).
Effects of year on the haemoglobin concentrations were
modeled in an ANCOVA style by fitting a model that
included wing length as an age-controlling covariate
(Crawley 2002). Effects of nestling haemoglobin concen-
tration on breeding success and fledging success (breeding
success refers to the proportion of eggs resulting in fledg-
lings, fledging success refers to the proportion of hatchlings
that survived to fledging) were calculated using a gener-
alized linear mixed model with binomial error distribution,
the approximation of degrees of freedom by the residual
method and applying logit link function (Crawley 2002;
Heck et al. 2012). Years and sites were treated as random
factors in these models.
Pearson’s linear correlations between yearly mean hae-
moglobin concentrations and frassfall peaks as well as
between haemoglobin concentrations at both study areas,
were calculated using STATISTICA 10 (StatSoft Inc.
2011). Linear mixed and generalized linear mixed model-
ing was performed using IBM SPSS Statistics 22 software
(Heck et al. 2010, 2012; IBM SPSS 2013).
Results
We found that the concentration of haemoglobin in the
blood of Blue Tit nestlings from the same brood tended to
be similar in a consistent way, with much variation
occurring between broods. It resulted in significant within-
brood repeatability of haemoglobin level
(R = 0.68 ± 0.019 (SE), F460;1250 = 8.94, P\ 0.001).
Haemoglobin concentration differed between years and
sites, and was 4 % higher in the forest area than in the
parkland area, while the interaction between the site and
year factors was nonsignificant (Table 1). Minimum yearly
mean haemoglobin level in the park site was 113.7 g/L
(2011) and maximum yearly mean was 134.0 g/L (2004).
Minimum yearly mean haemoglobin concentration in the
forest site was 120.5 g/L (2006), and maximum yearly
mean was 134.2 g/L (2004) (Fig. 1). Post hoc (LSD Fisher
test P\ 0.05) examination of differences revealed signif-
icant differences between years, with 2004 being different
from any other year of the study (see ESM for details).
Blood haemoglobin levels were correlated with frassfall
peaks in the forest site (r = 0.92, N = 11, P\ 0.001), and
there was no correlation in the parkland site (r = 0.34,
N = 11, P = 0.31). There was a marginally nonsignificant
positive correlation between year-to-year changes in mean
haemoglobin concentration in both study areas (r = 0.58,
N = 11, P = 0.06).
We also found a positive relationship between breeding
success and fledging success of blue tits and the per-brood
mean haemoglobin concentration in nestling blood
(Table 2).
Discussion
In previous studies we found that variation in haemoglobin
levels between individual nestlings within a brood was low
in relation to differences among separate broods, resulting
in significant repeatability for two Tit species [for Great
Tits: 0.53 (breeding season 2004); Nadolski et al. 2006, and
for Blue Tits: 0.69 (breeding seasons 2003–2005); Ban´bura
et al. 2007]. In nestling Pied Flycatchers (Ficedula hypo-
leuca) studied in our forest study site the repeatability of
haemoglobin was assessed at 0.63 (Gla˛dalski et al. 2015a).
Potti et al. (1999) found that within-brood repeatability of
haematocrit in Pied Flycatcher nestlings in Spain was 0.7.
Our present long-term result for Blue Tits is high (0.68),
which is consistent with previous findings. In general, high
Table 1 Results of a linear mixed model analysis for haemoglobin
concentration in the blood of Blue Tit nestlings
Factor (covariate) df F P
Year 10; 448 5.57 <0.001
Study area 1; 446 21.22 <0.001
Year 9 study area 10; 446 1.27 0.24
Wing length (cov) 1; 1117 114.19 <0.001
Effects of year, study area, and their interaction are given (mean wing
length as covariate, significant values are in bold)
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repeatability suggests that variation within individual
broods is much smaller than variation between different
broods. Repeatability is low if measurements within broods
are very different (Ban´bura and Zielin´ski 1990). The high
repeatability of haemoglobin concentration we found sug-
gests that hemoglobin responds first of all to the factors
affecting entire broods, such as parasitic pressure in the
nest (Gla˛dalski et al. 2015a). More studies are needed to
determine if this may be considered as a general pattern in
wild populations of birds.
Some recent studies suggest caution when using hae-
moglobin concentration as a simple body condition index
(Lill et al. 2013). However, our previous studies showed
that the level of haemoglobin is a reliable condition indi-
cator for Tits (Nadolski et al. 2006; Kalin´ski et al. 2009;
Kalin´ski et al. 2012) and for Pied Flycatcher (Gla˛dalski
et al. 2015a). Kilgas et al. (2006a, b) also found that the
concentration of haemoglobin is strongly positively related
to the physiological condition of nestling great tits. But the
usefulness of this condition indicator should not be auto-
matically extended to other bird species and other
populations. In the present study mean haemoglobin con-
centration was significantly higher in the forest area than in
the parkland area. This difference in condition between
both study areas reflects differences in trophic conditions,
as described by Naef-Daenzer and Keller (1999). Our study
areas considerably differ in caterpillar productivity, with
the forest site being characterized by 2–5 times higher
abundance of caterpillars than the parkland site (Marciniak
et al. 2007; Ban´bura et al. 2013). Additionally, long-term
year-to-year changes in haemoglobin concentration were
correlated with frassfall peaks in the forest site. Ban´bura
et al. (2007) found a strong association between hae-
moglobin concentration in Blue Tit nestlings and the
amount of caterpillars during the time of extremely high
abundance of caterpillars in seasons 2003-2005. Cham-
berlain et al. (2009) showed in their meta-analysis that
urban bird populations are characterized by lower pro-
ductivity (lower clutch sizes, lower fledging success) and
worse body condition (lower nestling weights) than non-
urban populations. On the other hand, in our study, the
long-term year-to-year changes in haemoglobin concen-
tration were not correlated with frassfall peaks in the
parkland site. The abundance of caterpillars is almost
always relatively low in the parkland site and, therefore,
Blue Tits have to use a greater proportion of alternative
prey sources, which could obscure a potential relation
between physiological indices and year-to-year differences
in the amount of caterpillar frassfall. Michalski et al.
(2011) who analysed droppings of tits in both our study
areas, showed that a proportion of non-caterpillar prey
delivered to nestlings is higher in the parkland area than in
the forest. This may suggest that caterpillar abundance may
be a more important determinant factor for Blue Tit
breeding parameters and physiological condition in the
forest than in the parkland area.
Data on the effects of blood parasites on the level of
haemoglobin in nestlings are consistent for different study
species and indicate negative effects of parasitism on the
haematological condition of chicks and adult birds




























Fig. 1 Annual variation in mean haemoglobin concentration of Blue
Tit nestlings in parkland and forest areas. Means ± standard errors
corrected for wing length as covariate are shown
Table 2 Results of generalized linear mixed models showing a
positive relationship between two binomial response variables,
fledging success and breeding success, and per-brood mean
haemoglobin concentrations in the blood of nestling Blue Tits (mean
wing length as covariate, significant values are in bold)
Dependent variable Effect (cov) Est ± SE df F P
Fledging success
Mean haemoglobin 0.057 ± 0.025 1; 451 5.26 0.022
(Mean wing length) 0.167 ± 0.082 1; 451 4.20 0.041
Breeding success
Mean haemoglobin 0.058 ± 0.015 1; 452 14.13 <0.001
(Mean wing length) 0.169 ± 0.051 1; 452 11.12 0.001
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(Johnstone et al. 2015; Minias 2015). Krams et al. (2013)
showed experimentally that in the absence of blood para-
sites, Great Tit nestlings had higher concentrations of
haemoglobin. Furthermore, they survived at higher rates
thorough the nestling and fledgling phase. Słomczyn´ski
et al. (2006) replaced natural Blue Tit nests with clean
artificial nests (twice during the nestling stage). This
treatment caused an increase of 7–10.5 g/L in haemoglobin
concentration of nestlings in comparison with control
nestlings. This confirms that the level of haemoglobin may
be treated as an indicator of environmental harshness. Our
study sites (the parkland and the forest) may differ in the
numbers of parasite vectors and a probability of infection
by blood parasites. Further studies should examine whether
tits at both study areas differ in parasite loads.
Another important factor influencing lower body con-
dition in the parkland area may be patchy environment,
which, among other effects, makes foraging more difficult
for parents (Riddington and Gosler 1995; Hinsley et al.
2006; Sandstrom et al. 2006). Additionally, it is important
to emphasize that the parkland area analysed in this study is
a major recreation and entertainment area in the city of
Ło´dz´, with tens of thousands of visitors in May every year.
Birds have been shown to respond to the presence of
humans or predatory animals with a behavioral reaction
(disturbing the regularity of feeding), or with a physio-
logical response (increasing the level of stress hormones),
or with both those effects at the same time (Holberton et al.
1996; Romero and Remage-Healey 2000; Verhulst et al.
2001; Jarvis 2005). In small birds such as Blue Tits, the
presence of humans near the nest may provoke a strong
behavioral response. A parent emits alarm calls and hesi-
tates to approach the nest (Mu¨ller et al. 2006). Ban´bura
et al. (2013) examined the heterophil-to-lymphocyte ratio
(H/L) in Blue Tits at both our study areas and found that
nestlings had on average higher level of the H/L in the
urban parkland study area than in the forest study area. The
H/L is considered as a reliable indicator of chronic stress
reaction in birds (Gross and Siegel 1983; Ots et al. 1998;
Moreno et al. 2002; Davis et al. 2008).
Year-to-year changes in mean haemoglobin concentra-
tion tended to be similar in both study areas. This may
suggest that some factors that influence the level of hae-
moglobin in both study areas are similar. The weather
seems to fit as such a factor. Effects of temperatures per se,
as described by Kalin´ski et al. (2014), in some cases could
be too complex to interpret and can influence many pro-
cesses also in an indirect way. It was shown for nestling
Pied Flycatchers that year-to-year variation in the level of
haemoglobin correlated with daily minimum temperature
(Gla˛dalski et al. 2015a). Low temperatures could reduce
female capacity for warming chicks efficiently and a
combination of mild temperatures and regular, but not
heavy rainfall provides good conditions which enable the
development of rich arthropod communities (Kalin´ski et al.
2009; Kalin´ski et al. 2014).
Haemoglobin concentration have turned out to be a
reliable predictor of breeding success and fledging success.
Variation in nestling body performance could be expected
to have consequences for breeding success (Nadolski et al.
2006; Kalin´ski et al. 2014). Body condition of nestlings is
usually connected to the chance of survival to the fledging
stage and, later, for ultimate individual success in recruit-
ment to the breeding population (Brown 1996). Hae-
moglobin, being related to oxygen carrying capacity, is
sensitive to the hydration, mineral deficiencies and nutri-
tional state (Campbell 1995). Our present findings are
consistent with other studies with respect to a positive
relationship between the level of haemoglobin and breed-
ing performance (for Great Tits Kalin´ski et al. 2009, for
Pied Flycatchers Gla˛dalski et al. 2015a). Although strictly
speaking, the analysed differences are between only two
particular sites, we think that they reflect differences
between urban and non-urban habitats and our results are
comparable to other similar studies.
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